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Semileptonic B-decays

& B nlti—,B—Kite
¢ Flavor-changing neutral current (FCNC) interations
* Leading standard model contributions are suppressed
= New-physics effects may be larger.

dar
dq?

= (known factors) x |thV;}|2 < {If+(@®)?, fo(@®?, Ifr(@®)*}

& B — wlv, B; - K/tv
* Precise determination of |V,;|

dar
* ggz ~ (known factors) x Vs x {If+(@®) 2, fo(a®) P}
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Form factors

& For B — L decays (B € {B,B;s},L € {m,K}),

_ (LV°IB)
f”(EL) - 2MB ) (1)
fL(EL) = (LVIB) 1 2)

= e, B

_ Mp+M; (LIT¥B) 1
VMg \/2Mp k'

fr(EL) 3)

where Ey, is the L-meson recoil energy, Mp () are the B(L)-meson mass,
and k! is the L-meson momentum in the B-meson rest frame.
# f+ and fj are linear combinations of /| and f .
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-
FNAL-HISQ campaign

® Ny =241+ 1 MILC HISQ gauge ensemble
: one-loop improved Liischer-Weisz gluons
+ HISQ sea quarks

# Valence quarks: HISQ light and strange
+ clover bottom in Fermilab interpre-

tation




Lattice setup
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Data analysis overview

1. Binning: reduce the autocorrelation
2. Effective mass/amplitude: priors for 2pt function fitting

3. Fit 2pt function: ground state energies are used in comput-
ing ratio, excited states as priors
4. Compute the ratio

CB-L(t,T) 2E"
\/CL £)CB(T — 1) e BV to—EY (T-t)

5. Fit the ratio: extract form factors
6. Chiral-continuum fit

7. Z-expansion



Binning
# Binning (blocking) with bin size b: (E’[b]), = % Z;’Zl Cli—1)sbj

& %(C[b)) = Lo2(C)+ (contribution from autocovariances)

x10~%
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Autocorrelation

# Binning reduces the autocorrelation

1.0 o= § b—1
b b=4
0.81 d b=s
d b=12
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lag distance
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Effective mass and amplitude

& Effective mass and amplitude

1 (Ca(t+1)+Cqo(t—1)
1( G2 2
pu— 4
aMg(t) = cosh ( 2C5 (1) 4)
Cy(t)
Aest(t) = e—Murt 4 o-Meg(Ni—0) (5)
& To suppress oscillating state contributions,
1. Stride-two method
1 ~1(Ca(t+2) +Co(t — 2)
aMg(t) = 5 cosh ( 2Cy (1) (6)
2. Averaging
— e Mett? [ Co(2) 2C5(t+1) Co(t+2)
Cg(t) = 4 |:€_ efft e eff(t+1) e_Meff(t+2) (7)




Effective mass and amplitude

51 5
e $  stride=1 $  averaged
¢ stride=2
2.50+ $  averaged (stride=1) n
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¢ Used as priors with some extended widths in the 2pt function fitting.

* Red bands are fit posteriors for ground state.
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2pt function fitting
— N=(L1) N=(21) — N=(3.)
e N= (NnOaNo) ELO
205
: number of states S
* (deaugmented) P-value: Lo
computed by removing the %Zi J % %
augmented term in x2,, i o %
02
& Find t,, giving consistent 00
energies 0.1554 %
0.1552 | "'
* N=(1,1):tmn/a =11 g%0.1550 J@ I B 10y % T
* N=(2,1):tmin/a =5 0.1548 ‘ 1
* N=(3,1): tmin/a =2 01546 L




Dispersion relation

® Replace non-zero momentum energies to dispersion relation.




Averaging

& Averaging suppresses oscillating state contributions

8

_ e BV [ Co(t)  2C5(t+1)  Co(t+2)
4 e—EOt T G—EO(t+1) T p—EO(t+2) | ’

B e B temmy’ -0 [ CEOL(T) CEL(t, T +1)
’ 8

205 E(t+1,T) 2C5 L (t+1,T+1)
e B (t4+1) g—m$) (T—t-1)

e*Eg))te*mI(;O)(T*t) efEio)tefméo) (T+1-t)

e B (t+1) g—m (T—1)
CE E(t+2,T) CE )t +2,T+1)

e B (t42)p-mQ (T—1-2)  p-ED (1+2) g—m (T—1-1)
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e
Ratio

& With averaged correlators,
C; e T)

Cy(t)Cs (T —1)

(— l)m(t-i-l) (— 1)n(T—t—1)Kmn e~ BV to—ES) (T—1)

n

_V@waﬁﬂWNXAW+w%wmﬂ(m

m n




Ratio

6§—>L(t7 T) 2EI(‘O)
CEOCE(T—1) \ e BL e By (T=0)

_ (0) — —L
o AOO\/E [1 n Z(_l)m(tJrl) <Am0 _ 1Zm> 0Bt (12)
m

(1n

V7378 Aw 27,
+ 3 (—1pTeD Ao 1%, o OED) (T—t) (13)
7 Ayw 270
+ > (1)) (L) —t=D) Amp Mt —SEP (T-t) (14
mopel Ago
+ (other cross terms) (15)

e We expect (12), (13) > (14), (15).
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e
Fit model

& Splitting non-oscillating and oscillating states in Eq. (12),
Eq. (13), we define our fit model:

R(t,T) ~ Fo| 1+ZFL —0E ""t+z t+1FL oIt
+ZF —SEP) (T— ”Z< 1)T-t- lF(q) —6E§”(T7t)]
q (16)
& N =(m,n)p,q)

e B K:(2,0)(21)
e B (2,0)(21)
e B, 5 K:(2,1)(2,1)
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Ratio - preliminary results
* a ~ 0.06 fm, m;/m; = physical
* B+ K

e = (1,0,0)
® p\‘/(aI:0.64 [0.29]

= (1,1,0
® ::al:0.73 [0?34]

=(2,0,0
® ::]\l/(aI:O 78 [0)36]

n = (2,1,1)
O ovai0.07 [0.05]

§ = (3.0.0
pval=0.60 [0.20]

ny = (2,2,2)
pval=0.31 [0.04]

ny = (4,0,0)
0.0 . I O pval=0.71 0.30]




Ratio - preliminary results
* a ~ 0.06 fm, m;/m; = physical

e B>

ni = (1,0,0)
pval=0.99 [0.87]

el

ny = (1,1,0)
pval=0.61 [0.16]

&

=(2,0,0
® ::]\l/(aI:O 80 [0)24]

ng = (2,1,1)
B peal-022 [0.02]

5 e = (3,0,0)
pval=0.27 [0.03]

ny = (2,2,2)
pval=0.87 [0.33]

g =500
T T T T T T T T T T pval=0.56 [0.10]




Ratio - preliminary results
* a ~0.06 fm, m;/m; = physical
* B - K

e = (0,0,0)
® p\‘/(aI:O.SO [0.82]

ny = (1,0,0)
pval=0.64 [0.18]

S

ng = (1,1,0)
pval=0.97 [0.65]

el

ng = (2,0,0)
pval=0.99 [0.75]

&l

= (2,1,1
® :\l/(al 032 [0)101

ng = (3,0,0)
® p\l/(aI:I.OO [0.87]

e = (2,2,2)
pval=0.34 [0.01]

T T T T T T T T T T e = (4,0,0)
pval=0.51 [0.05]
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Ratio - preliminary results
* a ~0.06 fm, m;/m; = physical
* B - K

ng = (1,0,0)
® p\l/(aI:0.64 [0.18]

ny = (1,1,0)
T val—067 [0.65]

§ ™= (200
pval=0.99 [0.75]

ng = (2,1,1)
® p\l/(aI:0.32 [0.10]

® ng = (3,0,0)
pval=1.00 [0.87]

me = (2,2,2)
pval=0.34 [0.01]

ng = (4,0,0)
® p\lfalzo.sl [0.05]




Form factors - preliminary results

e B+ K
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Form factors - preliminary results

* B—nx
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Form factors - preliminary results
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Plan

Chiral-continuum fit

Z-expansion

Decay rates

‘Vub|/|Vcb|







